Large-scale armed conflict is a characteristic feature of modern societies. The statistics of conflict show remarkable regularities like power law distributions of fatalities and duration, but lack a unifying framework. We explore a large, detailed data set of 10 5 armed conflict reports spanning 20 years across nearly 10 4 kilometers. By systematically clustering spatiotemporally proximate events into conflict avalanches, we show that the number of conflict reports, fatalities, duration, and geographic extent satisfy consistent power law scaling relations. The temporal evolution of conflicts measured by these scaling variables display emergent symmetry, collapsing onto a universal dynamical profile over a range of scales. The measured exponents and dynamical profiles describe a system distinct from prevailing explanations of conflict growth such as forest fire models. Our findings suggest that armed conflicts are dominated by a low-dimensional process that scales with physical dimensions in a surprisingly unified and predictable way.
In the 1940s, Richardson famously noted that the distribution of fatalities in warfare followed a power law [1] . Since then, power law statistics in armed conflict have been observed across a variety of data sets including terrorism and conventional warfare [2] [3] [4] [5] . These regularities have sparked discussion about mechanisms that would generate such patterns including cellular-automaton [6] , coalescence-fragmentation [7] , and self-organized critical forest fire models [8] . More broadly, self-similarity is a feature of a critical point in renormalization group theory, a framework for organizing many microscopic mechanisms into universality classes distinguished by their macroscopic properties [9, 10] . Renormalization group analysis of nonequilibrium critical phenomena explains why at large scales a low-dimensional description emerges, leading to a rich array of predictions including consistent scaling relations, universal scaling functions, and universal temporal profiles [11] . These properties suggest a self-consistent scaling framework that we show captures large-scale patterns in the statistics of armed conflict.
The central idea behind the renormalization group is the coarse-graining of a length scale that defines a mapping operation from one model to another. Thus, the coarse-graining operation describes a flow in the space of models that eventually leads to a fixed point, where separation of length scales leads to the emergence of characteristic, long-wavelength properties. Separating the basins of stable fixed points, or phases, are the critical manifolds corresponding to phase transitions. These correspond to unstable fixed points where the system becomes scale-invariant and the resulting power laws are described by a set of critical exponents. In principle, critical behavior is defined in the thermodynamic limit but real systems are finite, measurements are noisy, and systematic corrections like finite-size effects are unavoidable [12, 13] . Yet when we are close enough to a fixed point, we expect that a few relevant scaling variables dominate and a simple description of the system emerges that is independent of many microscopic details [11] . Such a prediction presents a simple scaling hypothesis that we test with armed conflict data.
We investigate data collected in the Armed Conflict Location & Event Data Project (ACLED) that aggregates events reported by news media and regional contacts from 1997-2016 [14] . The part of the data set on Africa is notable for its extent-covering two decades, [14] . Spatial distribution of largest 10 conflict avalanches by size S for given separation scales b = 140 km and a = 128 days. Spatial density is highly non-uniform, largely confined to land, and typically denser near population centers. thousands of kilometers, and > 10 5 events. We analyze three kinds of events in the data set: Battles involving two or more armed groups (K = 42, 738), Violence Against Civilians in which armed groups attack the population (K = 39, 127), and Riots/Protests (K = 37, 582). Each identified event has a geographic coordinate, date, and number of fatalities. Like the canonical avalanche picture for nonequilibrium critical phenomena, we call clusters of events conflict avalanches. Although we consider all three conflict types, we focus on the Battles (see SI for other event types).
We cluster events into conflict avalanches by setting a separation length b and separation time a such that events that are within the specified distance and time are grouped into the same avalanche (SI Section B), a procedure analogous to that done for neural avalanches [15] [16] [17] . As we vary these scales, the typical duration and geospatial extent of conflict avalanches change systematically, but for a large range of scales the observed statistics are remarkably consistent. For the following, we fix b = 140 km because it is sufficiently large that conflicts can percolate through a large network while sufficiently small that the system boundaries defined by geographic features (e.g. Sahara Desert, coastlines) do not significantly impact scaling (SI Section B). In Fig. 1 , we show the spatial distribution for the 10 largest avalanches by size for b = 140 km and a = 128 days. A single example of a conflict avalanche spanning Libya and Tunisia lasting over 10 3 days with nearly 10 4 reported fatalities appears in Fig. 2A along with its temporal profile. Thus, every conflict avalanche has a duration T in days, size measured by the number localized events or reports S, reported fatalities F , and geographic extent L in kilometers given by the maximally distant pair of events. This clustering operation, with only straightforward dependence on physical scales, defines a systematic way of constructing related sets of events, in contrast with notions of "battles" or "wars" which can depend on sociopolitical nuances.
As visible in Figs. 1 and 2A , the spatial density of conflict is strongly nonuniform. Large conflicts tend to concentrate along high population areas: few occur in the Sahara Desert and only a handful are reported in the oceans. Conflict density also depends on other factors like the geography of country borders (e.g. Darfur). Not only do these geopolitical features impose boundaries on the propagation of conflict, but communication technology may render physical distance irrelevant for coordinated events. Considering the effects of strong spatial nonuniformity, pinning on geographic boundaries, and rapid long distance communication-analogous to effects that destroy scaling in physical systems-it would be surprising if the length scale L fit into a scaling description.
Since such effects are less relevant for time, we choose our scaling variable as the duration of avalanches T . Then, our scaling hypothesis predicts
and if including geographic extent L
with dynamical exponents d S /z, d F /z, and 1/z for size, fatalities, and geographic extent, respectively. The distributions of the scaling variables are likewise expected to scale simply
The relations in Eqs 1-7 provide the basis for a scaling hypothesis of armed conflict that we test empirically. If conflict avalanches grow in time, space, and magnitude in a self-similar manner, we expect that the dynamical exponents should be related to the power law exponents in a consistent way. To measure the dynamical exponents, we directly compare the scaling variables to determine d S /z = 2.0 ± 0.3, d F /z = 2.5 ± 0.3, and 1/z = 0.8 ± 0.1 (SI Section C). Then, we construct the distributions of the scaling variables (Fig. 2B) , and we find via a standard procedure that they are statistically indistinguishable from power laws [18] . The corresponding exponents appear in Fig. 2C , where for the highlighted case of a = 128 days, we find τ = 1.96 ± 0.03, τ = 1.65 ± 0.08, α = 2.44 ± 0.13, and ν = 2.78 ± 0.21. In a self-consistent framework, the measured exponents must satisfy the relations
These relations are satisfied within 90% bootstrap error intervals. Thus, the various features of conflict including, perhaps surprisingly, L are unified in a self-consistent fashion given a simple scaling description.
Self-similarity also predicts that the average evolution of each scaling variable within an avalanche approaches a universal profile at large scales. The normalized trajectories of size t 0 s(t , T )/S dt , fatalities t 0 f (t , T )/F dt , and geographic extent l(t, T )/L give the cumulative fraction of total events or extent by scaled time t/T (insets in Fig. 3 ). For sizes and fatalities, at least one event occurs at t = 0 and t = T by construction, so we must account for a 1/S "lattice" bias to obtain a collapse (SI Section E). We find across avalanches with duration T > a that the cumulative profiles overlap. Furthermore, we collapse the rate profiles (without integration or normalization) to measure the dynamical exponents, and these are consistent with the scaling relations in Eq 8 (SI Section E). This overlap between the temporal profiles indicates that the dynamics of long conflicts may be dominated by a scale-invariant process as is consistent with a scaling framework.
Notably, the statistical structure encoded in the exponent relations in Eq 8 and temporal profiles is largely preserved as we change the separation time a. In Fig. 2 , we show that the exponents stay close to their values in the highlighted example over an order of magnitude of 16 ≤ a ≤ 256 days, and in Fig. 3 
and diffusive growth l(t/T ) = (t/T ) 1/2 (dot-dashed red line [23] a. In physical systems near a critical point, symmetries under rescaling are expected. In our case, increasing a does not exactly correspond to rescaling time but rather groups together events that are increasingly further apart into the same avalanche. Yet remarkably, we find that doubling a is statistically analogous to scaling T in that it largely preserves the exponents and temporal profiles across timescales from weeks to years, a result that reflects self-similarity in the timing of conflict events [3] .
The temporal profiles hint at the underlying dynamics generating conflict avalanches. For comparison, we show profiles of canonical systems with self-similar avalanches like Barkhausen noise and an example of a neural culture. These tend to accelerate in the middle whereas average size and fatality profiles for conflict avalanches tend to evolve at a more linear pace. Flat profiles can indicate dissipative effects that suppress large events as with demagnetizing fields in Barkhausen noise [19] . Yet, flattening is also a feature of both subcritical and super- 
Scaling exponents for Battles conflict avalanches with those for physical, biological, and social systems. Critical exponents are shown for forest fires in 2D and near the upper critical dimension [25] , percolation [25] , Barkhausen noise mean-field theory, i.e. the random field Ising model [26] , and experimental neural avalanches [17] . For comparison, we show the fatality exponent for interstate wars-defined sociopolitically in contrast to our conflict avalanches-from 1823-2003 [5] . The exponent dS corresponds to the conventional choice of exponents 1/σν for fractal dimension. Where the exponent error intervals overlap with those of Battles, we color the box light blue. Where exponents are notably similar but significantly different, we outline the box.
critical cascades that spontaneously end-though such profiles will fail to collapse [20, 21] . Thus, the mapping between dynamics and profile is many-to-one, but we can rule out analogues of properties that, for example, generate asymmetric profiles such as eddy currents in magnetic materials [19] , certain networks like in disassociated neural cultures [15] , or variations in birth-death processes [21] . In contrast, we find that spatial extent grows in a strongly nonlinear and asymmetric fashion as shown in Fig. 3C . This profile is closely described by the average linear extent of a convex hull of planar Brownian walkers [22, 23] , perhaps related to properties of generalized diffusion models used to describe other conflict data sets [24] . More generally, these profiles are compatible with Markovian cascades on networks indicating that such dynamics may come to dominate in long conflict avalanches.
Beyond temporal profiles, the measured exponents indicate how the spread of armed conflict is comparable to physical, biological, and social systems in Table I . In agreement with our observations with temporal profiles, armed conflict shows differences with the cascade processes listed. Of particular note is the self-organized critical forest fire (FF) model that shows strong disagreement with duration exponent α both far from mean-field and close to the upper critical dimension. This model is oft-cited in the context of human conflict [6, 8] . In comparison, our measured exponents are similar to those for percolation in 2D that lie just beyond our confidence bounds. Such similarity hints that the spread of armed conflict is comparable to growth processes on networks at the percolation threshold as appears to be the case with neural avalanches in zebrafish [17] . We note that the scaling of S vs. T is nearly quadratic for most of the listed processes, reflecting the fact that events happen faster in larger avalanches, one way of distinguishing small conflicts from larger ones early on. Furthermore, the relation between time and spatial extent L vs. T means that Battles, like forest fires, are space-filling: d S > ∼ 2 on the approximately 2D surface of the Earth. Thus, in this way we can use scaling exponents to systematically compare armed conflict with other physical processes relying on the formalism of universality classes from physics.
The emergence of these large-scale symmetries is extraordinary. Such remarkable regularity presents an opportunity for prediction [27] . In particular, knowledge of the temporal profiles suggests one way of extrapolating from the beginning of an ongoing conflict the potential human cost of the rest of the conflict before it ends. Scaling relations could be used to estimate missing data points like fatalities (which are especially difficult to measure), to detect anomalous statistics, or to help assess risk for nearby regions by showing how geographic extent scales with duration. These statistics are extracted from clusters of conflict events generated from simple physical scales, providing a well-defined, quantitative, and straightforwardly measured procedure as a complement to sociopolitical definitions of wars. Taken together, our results reveal a unified framework for conflict growth in which physical space and time scales constrain a social phenomenon. Universality and scaling laws have been found in a variety of social systems [28, 29] , suggesting self-similarity and the renormalization group as means to understanding how physical constraints translate into emergent patterns at large scales. In this wider context, our findings hint at the intriguing possibility that emergent regularities reflect underlying physical principles that shape the evolution of armed conflict.
